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Introduction. Diffusivities of the rare earth ele-
ments (REE), La, Pr, Tand Tm,have been meas-
ured for synthetic single crystal of melilite
(Akermanite, CgMgSi,O;) using depth profile
method by secondaign massspectrometry (SIMS),
for the purpose of confirminghe possible diffusive
fractionation of REE in the Allende CAI's etc [1,2].

In our previous work$3, 4] we have measured
the diffusivities of divalent cationsand REE (Gd,
Tm, and Sc) in Akermanite using radioactive tracers.
However,tracer experiment is limited by availability
of radioactive isotopewith half-livesand-ray ener-
gies whichare adequatéor diffusion measurement.
By using SIMS any REEan be measured in princi-
ple, unless an oxid®n interferes measurement of
metal ion with the same mass number. In addition,
SIMS has higher spatiatesolution of afew nm
rather than um in tracer experiment or EPMA.

Experimental. The synthetic singlecrystal of
melilite (Akermanite, CaMgSi,O;) was grown by
the Czochralski method. The conditions of growing
melilite werethe same as oprevious works [3,4].
The single crystal of melilite was cuito smallslabs
with a 5 mm square surface perpendiculath® c-
axis and 1 mm irthickness by a diamond saw. The
surface ofthe slabs was polisheavith ~0.25 um
diamond pasteand finshed with 0.05 um alumina
paste to obtain necessary flatnesshef surface. Af-
ter polishing, the melilite samples were coated with a
thin evaporated films (~200 A) of REE oxide. The
samples werannealed in air in gesistance furnace
from 20 min (1200°C) to 80 hours (1100°C).

The diffusion profiles of individual REEsecon-
dary ion intensities versus penetration distance into
the annealed samplesere determined bySIMS
(IMS-3f, Cameca, Paris, France) using demtbfile
method at Tokyo Institute of Technology.

The primary ionbeam was massfiltered negative
%0 accelerated to 12.5 keV with beanrrent of 60
to 100 nAandbeam spot size of 50 to 80 piame-
ter. The primary iorbeam wasastered about 300 to
400 um square during beamadiation. Electrostatic
charging on the samples by the primary loeam
was virtually eliminated by 25 nm of gold film
evaporated othe sample surface. The intensities of
the positive secondary ions were measuredfiset-
ting thesample accelerating voltage (-60 &)d the
energy band-pass was set to 20 eV.

The secondary ions were collected frahe cen-
tral area osample surface (60 um diameter) using a
mechanical aperture in order to minimize artifacts

arising from crateredge effectsand redeposition of
materials. Counts ofecondary ions measured are
30gj, “2Ca, *La, MPr, 1°Tb, *°*Tm. Secondary ion
intensities of individual REE in melilite as a func-
tion of penetration distance is shown Fig.1la and b.

The final crater depttwas measuredising an
optical interferometer.

Results & DiscussionDepth profiles obtained by
SIMS measurement shown in Fig.2aad b satisfy
the conditionsfor thin film diffusion model. Diffu-
sion coefficients ofndividual REEwere calculated
by the best fit tothe theoretical deptiprofiles ob-
tained as the solution of the Fickidiffusion equa-
tions [5].
c(x) = (M/J4TDt) expE x*[4Dt) (1)

wherec(x) is the concentration at a depthM is
the total amount a$ource of diffusionpP is the dif-
fusion coefficient,t is the duration of the anneal.
According to equation (1), thdecrease othe Log
(REE intensities /°°Si intensities) from a depth
profile should yield dinear array. Aslope equal to
1/(4Dt) was computed by least-squditting and
diffusion coefficient was calculatedhe solution of
the diffusion equation fothin film is reasonable for
the measuring data.

The calculating results afiffusivities of individ-
ual REE in melilite at 1200°@nd1100°C are sum-
marized in Table 1. Theliffusivities observed at
1200°C showincreasing trendrom La to Tm by a
factor of abouBO0, which is parallel tehat observed
by theprevious work [3] (Fig.2)However, diffusivi-
ties observed at 1100°C are almost sindlad 2 to 4
orders of magnitudwer compared wittthe results
at 1200°C.

The observedargedifferences in D'sbserved at
1200°Cand1100°C result in unusually largestiva-
tion energy Ep) values of ca. 790 ~ 1600 kJ/mol, if
the Arrhenius relationship which tgpically defined
as in equations (2) and are used to calcigte
D = D, exp(- E,/RT) @)

where D is the diffusion coefficient,D, is the
preexponential factoEyp is the activatiorenergy for
diffusion, T is theabsolute temperature (KNdR is
the gas constant. Thebserved, unusualligrge acti-
vation energy valueand theobservedarge differ-
ences in ionic size-dependence of diffusivity suggest
the mechanismdor diffusion occurred at 1200°C
and 1100°C are different.

Conclusions. It is found that depth profile
method by SIMS provided adequate resultslititi-
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sivities of REE in Akermanite at 1200°C, which are
consistent with therevious works [3] j.e., diffu-
sivities increase from La to Tm by a factoratfout
30. The resultsuggest heterogeneous distribution of
REE in the individual melilite grains in th&llende
CAIl's may have been affected by diffusiomedistri-
bution. However, experiments at 1100°C diffusivities
arevery lowand similarfor La, Pr, Tb and Tm. It is
suggestedhat diffusion transport of REEoccurred
under a different mechanism in these experiments.
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Fig 1. (a) Typical depth profile of REE diffusion in
melilite at 1200°C an¢b) at 1100°C.
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TABLE 1. Diffusion coefficients of individual REE in
melilite at 1200°C and 1100°C.

REE 1200°C 1100°C
[D (cm?sec)] [D (cm?sec)]
La 8.90e-13 2.86e-15
Pr 1.80e-12 2.70e-15
Tb 9.98e-12 2.64e-15
Tm 2.70e-11 2.61e-15
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Fig 2. Plot of diffusion coefficients against ioniadius of
individual REE at 1200°C in melilite. The observed trend
is parallel to that observed for tracer diffusion [3].
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Fig 3. Arrhenius plot of individual REE in melilite.

TABLE 2. Activation energy for individual REE

in melilite.
REE Activation Energy
(kJ/mal)
La 790
Pr 1100
Tb 1400
Tm 1600




